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METHOD AND APPARATUS FOR DETERMINING
CHEMICAL STRUCTURE

Eugene J, Levy, Oxford, Pa., assignor to Hewlett-
Packard Company, Palo Alto, Calif., a corporation
of California

Filed May 31, 1967, Ser. No. 646,443
Int. Cl. GOIn 31/08

U.S. Cl, 23—232 5 Claims

ABSTRACT OF THE DISCLOSURE

A method of and apparatus for pyrolyzing chemical
compounds and using their volatile and non-volatile
thermolytic dissociation products to obtain partial crack-
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ing patterns which are directly relatable to the molecular

structure and the functional groups present in the original
chemical compounds. The compounds are cracked in a
pyrolyzer and the resulting product stream is divided
into two portions by a splitter which simultaneously feeds
one portion to a first chromatograph to obtain a cracking
pattern for the volatile products in the product stream and
the second portion to a second chromatograph to obtain
a cracking pattern for the less volatile products in the
product stream.

This invention relates to -2 method for identifying the
chemical nature of compounds and, more particularly,
to a method and apparatus for pyrolyzing compounds
and observing their volatile and non-volatile components
as an aid in identifying the compounds.

In recent years, gas chromatography has proven to be
an extremely useful and effective separating technique by
which sample mixtures may be separated into their com-
ponents. The relative quantity of each component may be
readily determined with the aid of any one of many gas
detectors. While quite satisfactory for quantitative anal-
'yses, difficulties are encountered in identifying the sepa-
rated components, To identify such components, resort
usually is had to whatever auxiliary analytical tools are
available. Optical or mass spectrometers have been used
for such identifications, but usually these are quite costly.
Infrared and ultraviolet spectrometers can also be used,
‘but in many cases these give limited information. Addi-
tionally, the infrared spectroscopic method has the dis-
advantage of requiring relatively large quantities of the
sample for a definite identification.

It is, therefore, an object of this invention to facilitate
the identification of substances using pyrolysis techniques.

Keulemans and Perry described an identification sys-
tem using a pyrolysis tube and a gas chromatograph in
a paper entitled “Identification of Hydrocarbons by
Thermal Cracking” presented at the Fourth International
Gas Chromatography Symposium, Hamburg, Germany,
1962. A reprint of the Kuelemans et al, paper was pub-
lished in 1962 in London by Butterworth. As proposed by
Keulemans et al.,, a sample is passed by menas of a carrier
gas through a continuous flow system including a pyrol-
ysis chamber and a gas chromatograph located dowstream
of the pyrolysis tube, The most volatile, low molecular
weight products are discarded and higher molecular
weight products, which are gaseous under the conditions
used, are separated by the gas chromatograph and in-
dividually detected and recorded as a chromatogram. By
determining the relative quantities of the said larger
decomposition products, distinctive and reproducible pat-
terns, called cracking patterns, are obtained and the 6b-
served cracking pattern is closely related to the carbon
skeleton of the parent organic molecule. ‘

An improved method and system for obtaining these
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cracking patterns is described and claimed in the U.S.
Pat. No. 3,425,807, issued Feb. 4, 1969 entitled “Pyrolysis
Systems” by Eugene J. Levy. To obtain better reproduci-
bility of the cracking patterns, the pyrolysis pressure,
temperature and residence time of the sample in the
pyrolysis unjt must be maintained within certain carefully
controlled limits as pointed out by Levy. To overcome
many of these deficiences and to facilitate the handling
of relatively small samples, Levy describes-an apparatus
and a method for identifying a sample component by
introducing the sample mixture into a first flow system,
separating the components of the sample mixture in the
first flow system, introducing one of the separated com-
ponents into a second flow system, pyrolyzing such sepa-
rated component in a second flow system and introducing
the pyrolysis products in a third flow system in order to
separate and obtain a cracking pattern which is indica-
tive of the sample component, the most volatile, low
molecular weight products again being completely ig-
nored as in the Keulemans et al, teaching.

In the Levy system, valves interconnect the several flow
systems to permit a discrete portion of the first flow sys-
tem to be sampled and passed on for pyrolysis. In like
manner, the pyrolysis products are taken from the second
flow system and introduced into the third flow system for
separation and detection. Information as to the relative
quantities of pyrolysis products affords a means of
identifying the parent molecule.

The Levy and other prior art systems make use only
of the large (higher molecular weight) molecules in the
pyrolyzate to obtain the thermal cracking pattern which
is related to the carbon skeleton of the parent molecule
of the individual sample being analyzed.

It is an object of this invention to utilize the small
(lower molecular weight) molecules resulting from the
thermal decomposition of samples as an additional means
of identifying the parent compounds, especially in rela-
tion to the determination and identity of functional groups
present in the original compounds.

Another object of this invention is to provide an im-
proved method of applying pyrolysis to the identification
of compounds present in a sample of material.

Another object of this invention is to provide an im-
proved system for identifying substances by pyrolysis
techniques,

In accordance with the illustrated method of this in-
vention, a sample of a mixture of components is analyzed.
The preferred method includes introducing the sample
into a first chromatographic column, separating the sam-
ple into certain of its components in the first column,
eluting one of the said components and pyrolyzing it to
produce pyrolysis products including heavy (molecular
weight) constituents as well as light (molecnlar weight)
constituents, passing the pyrolysis products to a second
chromatographic system, separating the light constituents
of the pyrolysis products in the second column, detecting
each of these constituents on elution from the second
column, and measuring the retention times in the second
column of said constituents, thereby relating the pres-
ence and relative quantities of these light constituents
to the functional groups and structures present in the
originally separated components.

One embodiment of the apparatus of this invention in-
cludes a sample injection means, a pyrolysis chamber, a
chromatograph column capable of separating light pyro-
lyzate products, a sample loop, and first and second de-
tectors. Also included is a valve means for alternatively
passing the sample from the injection means through the
pyrolysis chamber, sample loop, and first detector when
the valve is in a first postion and from the sample loop
where it is stored through the column and second detector
when the valve is in a second position, whereby the pyroly-
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sis products are separated by the column and detected by
the second detector. A timer is employed to measure the
the time required for the several pyro!ysx§ pr(?ducts to
pass through the separating column. This time is relgted
to the chemical structure of the low molecu}ar \ivelght
pyrolysis products and these determine the identity of
the parent molecule. .

The novel features that are considered characteristic of
this invention are set forth with particularity in the ap-
pended claims. The invention itself, however, both as to
its organization and method of operatiog, as well as addi-
tional objects and advantages thereof will best be.under-
stood from the following description when read in con-
nection with the accompanying drawings, in which:

FIG. 1 is a block-flow schematic diagram illustrating a
system capable of performing the method of this inven-
tion;

FiG. 2 is a detailed part schematic and part block dia-
gram of a system suitable for performing the method of
this invention by isolating the flow streams of the separat-
ing and pyrolyzing system.

FIG. 2A is a block-flow schematic diagram of the detail
of the third chromatograph shown in FIG. 2;

FIG. 3 is a block-flow schematic diagram of an alterna-
tive embodiment of this invention that may be employed
in connection with the system illustrated in FIG. 2;

FIG. 4 is a block-flow schematic diagram illustrating
still another alternative embodiment that may be employed
in connection with the system illustrated in FIG. 2 for
performing the method of this invention;

FGIS. 5A-H are a series of pyrograms in which the
detector output signal amplitude as the ordinant is plotted
against retention time as the abscissa to show the retention
times and quantities of small molecules present in the
products produced by pyrolyzing several different parent
molecules; and

FIGS. 6A-H are a series of bar graph representations
of the total area of each small molecule of the pyrolysis
products plotted against relative retention time for each
of the several different parent molecules.

According to the preferred method of this invention,
a chemical sample to be identified is introduced succes-
sively into three separate flow systems or streams. The
first and third flow systems are gas chromatographs, and
the second, or intermediate, flow system is a pyrolysis
chamber. Although preferred, the first gas chromatograph
may be eliminated from the system to provide a more
simple system of the type illustrated in FIG. 1. As used
herein “flow stream” is intended to denote a complete
integrated flow system which includes a sunitable conduit
for providing a confined path for gases and vapors be-
tween elements of the system.

In FIG. 1 there is seen a source of carrier gas 10 which
may be any of the suitable carrier gases employed in gas
chromatography and preferably should be inert. By the
term “inert” is meant a gas that does not pyrolyze and is
nonreactive with the sample undergoing the analysis at
the respective temperatures that exist throughout the sys-
tem. A suitable gas that serves this purpose is helium. The
carrier gas source 10 is connected by means of a conduit
12 to a sampling system 14 of suitable design and thence
to the remaining elements of the system. The sampling
system 14 may be no more than a conventional injection
port permitting the sample to be introduced, as by a
suitable sampling syringe, through a septum 16. The out-
put of the sampling system 14 is connected through suc-
cessive conduits 12 to a pyrolysis chamber 20, a gas
chromatograph separating column 24, and a detector 28
to a vent to atmosphere 30.

The pyrolysis chamber 20 may be a suitable non-reac-
tive tube of appropriate diameter and length, as will be
described in more detail in connection with FIG. 2,
heated to obtain thermal decomposition of the sample
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components passed therethrough. The gas chromatograph
column 24 may contain any suitable column material
adapted to separate molecules of lighter molecular weight
constituents, typically organic through C, and small polar
molecules such a water, HyS, NH;, SO,, etc. A suitable
column for this purpose, as will be described with more
detail in connection with FIG. 2, may be one packed with
a bed of an insoluble cross-linked, finely divided micro-
porous, organic polymer such as a copolymer of divinyl
benzene and ethyl vinyl benzene. A column packing of this
type, sold under the trade name “Porapak” is available
from Waters Associates, Inc., Framingham, Mass. Other
suitable packing may be used such as a silicon cil column
on a “Teflon” support.

The detector 28 preferably is a non-destructive type
detector such as the well-known thermal conductivity de-
tector in which changes in the resistance of a resistance
element occur in accordance with the thermal conductivity
of a mixture of carrier gas and sample components. The
detector’s resistance element is placed in a bridge circuit to
provide an electrical output signal. The electrical output
signal from the detector 28 is amplified and may be ap-
plied to a suitable indicator such as an industrial chart-
type recorder. The retention time of each separated com-
ponent is measured. These retention times depend upon
the chemical structure of the light constituents, i.e., small
molecules or low boilers, eluted from the column. Knowl-
edge as to the identity of these low boilers aids in the
determination of the identity of the original molecule in-
troduced at the septum 16.

The retention time may be obtained either manually
from the chart record or automatically by connecting the
detector output signal to a slope detector 32 and timer 33.
The slope detector 32 is a device for electronically differ-
entiating an electrical signal to determine the rate of
change of its amplitude. When the electrical signal is repre-
sented graphically, as by a recorder, the rate of change
may be seen as the slope of a particular curve or wave
form. One such electronic differentiating device may be
constructed by connecting a capacitor and resistor in
series. Depending upon the input wave form, the output
from the differentiating circuit will be an electrical signal
which is either zero, positive, or negative going. The mag-
nitude of this electrical signal depends upon the rate of
the change. A pip or peak in the detector output wave
form, is produced by the detector’s denoting the presence
of a particular eluted component. This amplitude varying
signal from the slope detector 32 may be passed through
a suitable threshold circuit such as a Schmidt trigger, which
in turn actuates the timer 33. The timer 33, initially manu-
ally actuated when the sample is introduced into the
system, measures the elapsed time, from the time of the
sample introduction until each of the sample components
are detected by the detector. Another type of slope de-
tector may utilize a voltage-to-frequency converter in
which the rate of frequency variations are a measure of
the slope.

As a result of the remarkable and varied capacity of
carbon for combining with itself and other elements,
many different types of organic compounds are possible.
Many of these types of classes are characterized by par-
ticular groups of elements known as functional groups.
The method of this invention is based on the discovery
that if a molecule containing a functional group is pyro-
lyzed under the proper conditions, as taught by the said
Levy patent, the molecule will dissociate into smaller
molecules. which include certain low boiling or light
(molecular weight) constituentg directly relatable to the
functional groups. These so cilled “proper conditions”
are those which minimize secondary recombination re-
actions during pyrolysis, i.e., pyrolysis is not complete.

A few of the principal classes of organic compounds
and their principal low molecular weight dissociation prod-
ucts are shown in the following Table I:
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TABLE I
Pattern Type Compound Principal products
CH(CH,)sCHs CH,; CzH;, CoHg; C3Hy
CH3(CH)¢CH:0H CO; CH,; C:Hy; CoHg; H:0; C3H,
CH;(CHy)sCHO Cco; CH;, C:H,; CoHg; C3Hi
d
CH;CH:;C(CH,);CH; CO; CH,; C:Hy; CoHg CiH,

(o)
I
P CHs(é—-—O(CHz)pISI)Ha

-- Mercaptan. ..
Ethano}l amine.... NH;CH;CH;0H

CO; CH,; COy; CoH,y; C:Hg; Hp0; CsHe
CHi; CaHy; CoFly; NHy; CaHy

CHy; CoHy; CoHg; HaS; CsHu

CO; GH,; C Oy GaH,, Cafly;, Hy0; NH;

There may be seen by reference to FIGS. 5A-H typical 15 amounts of each differ very substantially as can be

chromatograms of low molecular weight pyrolysis, here-
inafter referred to as pyrograms, illustrating retention
times of many of the possible small molecules resulting

from the thermal dissociation of larger molecules listed

in Table 1. The pattern letters A through H correspond
to compounds A to H in Table I and in each pyrogram
each peak is identified as to the compound to which it
‘corresponds. The identity of each peak is established from
a knowledge of typical retention times of the several
compounds.

It may be noted from FIGS. 5A-H that the pyrogram
resulting from the pyrolysis of each different substance
A to H is a unique (no two are the same) pyrogram which
is a fingerprint or indicator denoting the existence of a
particular compound in the sample under analysis. The
uniqueness of these pyrograms is characterized not only
by the presence or absence of particular decomposition
products as noted in Table I, but several peaks of the
pyrograms of the particular decomposition products for
that compound. For example, an aldehyde,

CH;(CH;)¢CHO

and having the indicated formula, includes the principal
reactions CO; CHy C,Hy CoHg; CsHg. Again, the de-
composition of a mercaptan, as exemplified by the com-
pound CH3(CH,);CH,SH, producesthe principal reac-
tion products CH,; C.Hy; CyHg; HoS; C3Hg. Even though
the aldehyde C and ketone give the same products, the
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seen, to give distinctive patterns.

To illustrate the uniqueness of this identification tech-
nique, the areas under each of the pyrograms A through
H in FIG. 5 were computed and converted to a percentage
of the total peak areas in each pyrogram. These percent-
ages were then plotted in bar graph form as the ordinant
against relative retention times, as determined by the well-
known Kovat’s formula, for the abscissa, As may be seen
in FIGS. 6A-H, each compound is easily distingnished
from the other ones. This means that the identification of
a particular functional group is possible if the pyrogram
pattern of its small molecule dissociation products is
known.

For example, if a particular analysis produced a pyro-
gram which when converted to the bar graph form re-
sulted in an identification pattern similar to pattern D it
is immediately known that the compound is ethyl pentyl
ketone.

Experimental pyrograms were obtained from many
different compounds. Each of the compounds listed, in-
cluding the various alcohols, aldehydes, ketones, etc. were
first initially pyrolyzed and their thermal dissociation
products passed through the column 24 (FIG. 1) to be
separated in time. As the dissociation products were eluted
for each compound, they were detected by the detector 28
and recorded. Their relative peak areas and retention times
(Kovat’s index) were then computed and the results of
the computations set forth in Table II below:

TABLE II,—-COMPOSITION OF SMALL MOLECULES

Retention index

Type (compound)

CO080 CH400 CO:123 C:H165 C2He200 NH;207 H;0214 H;S8218 C3;H283 aC..

Hydrocarbon (A
H3(CHbz)s
CHa(CH) C ......................
CH30H20H(CH3) (CHy)CH;_ - ...
Alcohol (B):
CH;(CH'»)sCHzOH ..................
CH3(CH)gCH0H .o oo
AldehYde (C):

Hy(CH)sCHO - e e icicccaae
CHs(CHz)eCHO ............................
Xetone (D):
i
CH3(CH2)2C(CHy) sCHao w wiiemeaaaeaees 18 17
It
CH;CH3;C(CH)eCH3u cenamvcnceencccannan 20 12
|é ,
CH3(CH3);C—(CHp)3CHs. « ooomceaanen 17 14
&
CH;CH;C(CH)CHye e eeecmmcceecms 23 16
- Ester (E):
CHa(':[;'——O-—(CHz)gCHs ..................... 4 11
(|J} ‘
CH3;C—0—~(CH) 10 H e evcccmccmaes 5 10

26 654, 5

25 655. 0

42 655.0

20 657.0

23 656. 0

17 657.0

15 657.0

39 B e 21 657. 0

41 1 e 16 656. 5

34 8 e 27 656. 5

39 30 el 12 656. 0

6 33 [ SR, & N 29 656. 5
6 35 [ ) ¥ S 25 656. 5
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TABLE II.—Continued
Retention Index Pyr.
temp.
Type (compound) CO8 CH400 CO:123 CoHi165 C:Hg200 NHi207 H:0214 H,S218 C3;H283 °C.
Amine (F):
CH3(CH2)¢CHNH:. ... 42 6 2 35 656.3
CH,(CHs); CHNHy - 46 9 2 3 656. :
CH;3(CH;)4CH;NH, 53 15 3 H 656. 8
CI‘Ia(OI‘g) CH,;NH, 51 6 3 656.
Mercaptan (G):
CHG(CH)sCHaSH _ - i 8o gp 12 . 14 30 857'8
CH3(CH);CHS8H__ __.__._._._... 13 oo 23 10 L 24 25 57,
Ethanol amine (H): NH,CH;CH;CH. 3 1 10 1 5 B e

These particular compounds were pyrolyzed under the
temperature conditions indicated in the far right column.
The retention index for each of these dissociation prod-
ucts is listed at the head of each column. If desired, typ-
ical pyrogram or other retention time and peak area in-
formation for many different chemicals may be stored in
computer storage for subsequent retrieval and automatic
identification of the compound pyrolyzed. Alternatively
such information may be accumulated and stored in tabu-
lar form for comparison and identification purposes if
desired. In these cases the reference pyrograms or crack-
ing patterns are obtained by individually pyrolyzing a
variety of chemicals under controlled conditions, Each
pyrolyzed chemical has its pyrolysis products passed
through a chromatographic column for separation and
detection. The detector output signal is recorded to ob-
tain the control pyrogram for each chemical.

A preferred system for performing the method of this
invention and thereby identifying small as well as large
molecules is illustrated in FIG. 2. This simultaneous analy-
sis of the large molecules provides much useful informa-
tion as described in the said Levy application. By separat-
ing and detecting the large molecules contained in the
pyrolysis products and noting their relative amounts, in-
formation relative to the carbon skeleton of the parent
molecule may be obtained. Ratios of the quantities of
the pyrolysis products to each other and to the total quan-
tity of pyrolysis products, has been found to be uniquely
indicative of the identity of the pyrolyzed sample com-
ponents. This relationship is described in a paper entitled
“Mechanism of Some Chain Reactions” by R. O. Rice
and H. F. Herzfeld in the Journal of American Chemical
Society, vol. 56, page 284, published in 1934,

In FIG. 2, a suitable source 10 of carrier gas is con-
nected to a first gas chromatograph 32 having a non-
destructive effluent detector 42, such as a thermal con-
ductivity detector. In the alternative, an effluent splitter

and a destructive detector such as a flame detector of :

conventional type may be employed. The gas chromato-
graph 32 is conventional and typically includes an injec-
tion port 44, a separating column 46, and the detector
42. The sample mixture may be injected through a sample
inlet or septum 16 in the injection port of known type.
The rate of flow through the chromatograph 32 may be
regulated by a suitable flow controller (not shown). The
output of the detector 42 is connected to the first port 48
of a two-way, four port switching valve 34. The switching
valve 34 is illustrated in its first, or sampling, position by
the solid lines and its second, or non-sampling, position
by the dotted lines. (The first and second positions of
all two-way valves illustrated in the drawings are denoted
by solid and dotted lines.) All conduits or gas flow con-
nections illustrated in the drawings comprise any suijtable
tubing, such as stainless steel or other tubing as desired.

The second port 50 of the switching valve 34 is con-
nected to a vent to atmosphere or other exhaust. The third
port 52 of the valve 34 is connected to a flow controller
54 which regulates the carrier gas flow rate from the
carrier gas source 10 via a conduit 19. The sampling sys-
tem 14 including a sample inlet 16, if desired, may be
included in the conduit 19 between the second flow con-
troller 54 and the valve 34. The fourth and final port 56
of the valve is comnected through a conduit to a delay
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coil or loop 58 which may be nothing more than an un-
obstructed coil of stainless steel tubing having a desired
volume. Such volume imparts a time delay to the com-
ponents. transit time through the system. The switching
valve 34, as well as the delay loop 58, are enclosed within
a sampling oven denoted by the dashed line enclosure 60.
The sampling oven 60 may be adjusted to maintain such
temperature as is mecessary to prevent condensation of
the eluted sample component. The length and diameter
of the delay loop 58 should be selected to provide suf-
ficient volume for containing the entire amount of any
given eluted sample component from the gas chromato-
graph 10 in vapor or gaseous form. The delay loop may
be omitted if the sample is to be introduced directly
through the sampling system 14.

From the delay loop 58, the second flow stream is di-
rected by a suitable conduit through an open quartz, gold,
or other non-reactive, high temperature pyrolysis tube 72
enclosed within a pyrolysis oven 74 and thence through
one side of a pyrolyzate detector 76. This pyrolyzate de-
tector 76 preferably is a non-destructive detector such as
a thermal conductivity detector having an analytical and
reference side or cell. The detector 76 preferably is en-
closed in a separate detector oven 80, as is customary
in gas chromatography, to facilitate precise control of
the detector’s temperature.

From the pyrolyzated detector 76, the second flow
stream, containing the now pyrolyzed sample components,
is directed through an effluent splitter 78 which preferably
provides a 1:1 split ratio. The two split flow streams are
directed respectively to a second gas chromatograph,
denoted by the dashed enclosure 24, and if desired to a
third chromatograph, shown in FIG. 2A to simultaneously
detect large molecules as taught by Levy. The third chro-
matgraph 116 is substantially identical to the second,
except for the backflush valve, contained in the second
chromatograph, but its column is selected to separate
larger molecules rather than small. Carrier gas for the
third chromatograph 116 comprises the third separate flow
stream or system and is derived from a flow controller
112 connected to the carrier gas source 10. Returning now
to the second chromatograph 24, from the effluent split-
ter, the split second flow stream is connected to the first
port 82 of a two-position, six-port switching valve 81
which selectively interconnects the gas streams directed
to and from different adjacent pairs of its six ports 82,84,
86, 88, 90 and 92 together. Although a rotary valve is
illustrated diagrammatically, a linear motion valve or
other known type may be employed if desired.

In the first position of the switching valve 81, as illus-
trated by the solid lines, the second flow stream on enter-
ing the first port 82 passes out of the second port 84
to a sample loop 87. This sample loop 87 may be, for
example, an open or unobstructed stainless steel tubing
wound in the form of a helix. The sample loop 87 must be
of sufficient volume or capacity to contain at one time
all of the pyrolysis products resulting from pyrolysis of
the sample in their vapor or gaseous form. From the
sample loop 87, the second fluid stream passes back
through the fifth port 9¢ of the six-port switching valve
81, thence out of the sixth port 92 and out to vent or
atmosphere.
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In its second switching position, denoted by the dotted
lines, the switching valve 81 interconnects those pairs of
ports 84-86, 88-90, 82-92 necessary to introduce the
sample contained in gaseous or vapor form in the sample
loop 87 into a fourth separate flow system or stream.

Carrier gas for the fourth flow system is derived from
a third flow controller 94 connected to receive carrier gas
from the carrier gas supply 10. Carrier gas forming the
fourth flow system passes through a conduit 21 and a surge
coil 96, which along with the. sample loop 87, switching
valve 81, a backflush valve 159 a small molecule sepa-
rating column 186 and a detector 76 form the second
chromatograph 24. The surge coil 96 aids in preheating
the carrier gas in the fourth flow system. Its length and
diameter or volume depend on the volume of the sample
loop 87, as will be described. From the surge coil 96, the
fourth flow stream continues by way of a suitable con-
duit, as described, through the fourth port 88 of the
switching valve 81, thence out of the third port 86 to the
first port 160 of a two position four port backflush valve
159, out through port 162 to the column 100, and then
in the third port 166, out the fourth port 161 to the re-
maining side (reference) of the detector 76. After de-
sired low molecular weight components have been sepa-
rated and detected and while the higher molecular weight
components are still in column 100, the backflush valve
159 is switched to the second or dotted line position. The
same carrier gas flow will now backflush high molecular
weight compounds from column 100 into detector 76 to
clean out column 100 preparatory to making subsequent
runs.

The second chromatograph 24 should have a carrier gas
obtainable from a 50 to 100 pounds per square inch
(p:s.i.) helium line, and desirably can be an isothermal,

single column gas chromatograph using a non-specific

detector such as a thermal conductivity detector. Suitable
chromatographs for use in the first and fourth flow
streams are available from Hewlett-Packard Company of
Palo Alto, Calif., and are designated Model 5750. In each
case the chromatograph detectors 42 and 76 and sam-
pling systems 14 and 44 may be enclosed in separate
ovens to insure accurate temperature control. The chro-
matograph detector 42 as well as the pyrolyzate detector
76 may be connected to suitable indicating devices as
chart type potentiometric recorders. These provide a
visual record of the amplitude variations of the respec-
tive detector output signals as a function of time.

In accordance with this invention, the separating
column 100 is packed with suitable packing to permit or
facilitate the separation of the small molecules present in
the pyrolysis or dissociation products. The packing in
this case may be the same as that employed or described
in connection with separating column 24 in FIG. 1. The
column: of the third chromatograph 116 is packed to
separate large molecules. One such packing may be
“Diatoport S” liquid phase having a stationary phase of
“Apiezon L,” although “Triton X-305” may be preferred
for the more polar molecules, both of which are available
commercially.

The output of the detector 76 is connected to an indica-
tor-timer denoted by block 104. The indicator as de-
scribed may be a recorder, The timer may be a conven-
tional clock mechanism which is actuated by a mechani-
cal linkage denoted by the dash-dot line 106. This link-
age 106 is the same as that which is employed to actuate
the valve 81 from a suitable knob 108. Thus when the
valve 81 is switched to introduce the dissociation products
contained in the sample loop 87 into the separating
column 180, the timer is switched on. With the occur-
rence of each peak, a microswitch on the recorder, sensing
the recorder pen displacement, may cause the timer to
print out the time, or store the time in a register for later
digital handling of the information. In the alternative,
the time may be measured manually by the operator di-
rectly from the chart record: These retention times may
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then be related as previously described to the functional
groups, and therefore are helpful in establishing the iden-
tity of the parent molecules present in the original sample.

In one embodiment of the invention that was con-
structed, the delay loop 58 was constructed of 3{g’’ stain-
less steel tubing having a length to provide a delay
volume of 50 milliliters. The sample loop was of similar
dimension. All connecting conduit or tubing employed was
14" stainless steel and the flow rate in the second stream
19 through the pyrolysis tube 72 was adjusted by flow
controller 54 to be 6 cc. per minute, The quartz pyrolysis
tube was 45 centimeters in length and %¢” in diameter.
The surge coil 96 was 15" of 34¢" stainless steel tubing.
The flow rate of the first flow stream was adjusted to be
approximately 20 cc. per minute and a 18” analytical
column 46 packed with “Apiezon L on “Diatoport S” was
employed. The separating column 100 was similarly
packed.

The third chromatograph 116 is shown in FIG. 2a.
Carrier gas for the third chromatograph is derived from
the second flow controller 112. This carrier gas, which
comprises a third flow system, passes through the con-
duit 23, through the flow controller 112, thence through
the conduit 114, surge coil 118, a six port, two way valve
140, a large molecule separating column 156 and a detec-
tor 158 to vent. These elements together with a sample
loop 154 make up the third chromatograph 116. All of
the elements are substantially identical in location and
function to the elements of the second flow system and
hence need not be described further. The surge coil 118
aids in preheating the carrier gas in the third flow system
as was the case in FIG. 2. The output of the detector
158 is connected to an indicator-timer 160 which is actu-
ated through the linkage 162 denoted by the dotted line
by the knob 164. This is the same knob which turns the
switching valve 140 as was the case in FIG. 2.

The pyrolyzate from the splitter 78 through the first
port 142 of the valve 140, out of the second port 144,
through the sample loop 154 in a reverse direction,
thence back through the fifth port 150 and out of the
sixth port 152 to vent. Since the system described is
substantially identical to that of the second chromato-
graph 24, no further description is deemed necessary.
The only difference between the two systems is the fact
that the separating column 156 is suitably packed to
separatel arge molecules rather than small. This elimi-
nates the mnecessity of utilizing the backflush valve 150
as is preferred in the small molecule separation using
the system of FIG. 2.

With the use of the second and third chromatographs,
the large as well as the small molecules appearing in the
pyrolysis products may be simultaneously separated and
their respective elution times measured and recorded.
From this data a wealth of information as to the identity
of the parent molecule is obtainable. If desired a single
indicator-timer 160 may be used. In this instance the
single knob 108 (FIG. 2) actuates both valves 140 (FIG.
2a) and 81 (FIG. 2).

In a typical analysis made in accordance with the
method of this invention the first switching valve 34
(FIG. 2) is placed in its second position such that the
eluent from analytical column 46 is passed to vent. Suit-
able flow rates for the second and fourth flow streams
19 and 21 are established as previously described, ie.,
high for chromatographic separation and low for pyroly-
sis. The temperature of the several detector ovens 60,
74 and 80, as well as the several chromatograph ovens,
not separately shown, are brought up to their desired
optimum operating temperatures. Assume that a one
microliter sample is injected into the injection port 16
of the first flow system by a microliter syringe.

When the first chromatograph detector 42 indicates,
by an increase in amplitude of the detector output signal,
that the desired sample component, whose identity is to
be determined, is being eluted, the first switching valve
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34 is switched either manually or automatically from
the second position, as illustrated by the dotted lines, to
the first position as illustrated by the solid lines. The
carrier gas plus separated sample component eluted from
the first flow stream are passed into the delay loop 58
and the carrier gas forming the second flow stream (con-
duit 19) is vented. Just before the sample component
to be identified is completely eluted, as denoted by the
amplitude of the detector 42 output signal returning to
its reference or zero level, or a corresponding peak on
a recorder tracing returning to baseline, the first switching
valve 34 is returned to its second position. The regulated
flow of the second flow stream, isolated from that of
the first flow stream, directs the flow of the sample com-
ponent stored in the delay loop 58 thru the pyrolysis
tube 72.

As flow through the pyrolysis tube 72 continues, the
sample component is pyrolyzed and the pyrolyzate or
dissociation or thermal decomposition products pass
through the pyrolyzate detector 76, splitter 78, switching
valve 81, sample loop 87 and vent. Variations in the
amplitude of the pyrolyzate detector 76 output signal
as a function of time are observed. Once the first output
signal from detector 76 returns to its quiescent value or
baseline, as is described more fully in the said Levy ap-
plication, the six-port switching valve 81 is switched from
its first to its second position, as illustrated by the dotted
lines. The pyrolyzate has by now passed into the sample
loop 87 flowing in one direction.

Upon switching the valve 81, carrier gas in the fourth
flow stream (conduit 21), passing through the surge coil
96, flows through the sample loop 87 in the opposite
direction and backflushes the pyrolyzate from the sample
loop 87. Such backflushing generally compresses the pyro-
lyzate and returns it to a more compact, slug-type sample
for passage through the backflush valve 98 and the ana-
Iytical column 100 of the fourth flow stream (conduit
21). The surge coil 96 aids in the compression and inte-
gration of the pyrolyzate into the third flow stream.
This third stream generally has a higher flow rate than
the second flow stream and may be of different tempera-
ture and pressure. The surge coil 96, preferably having
a volume exceeding that of the sample loop, reduces the
effect of these disturbances. The extra volume provided
by the surge coil 96 serves to damp out transitory flow
rate fluctuations, which affect detector accuracy.

The flow through the pyrolysis tube 72 is relatively
slow to insure good heat transfer to the compounds and
at a low pressure so as to inhibit secondary reactions
during pyrolysis. On the other hand, the flow rate in the
fourth flow stream is at a relatively high flow rate. When
the extra pressure of the third flow stream is applied
through the sample loop 87 for the backflush opera-
tion, the surge coil 96 acts as a reservoir so as to
more quickly, and with less flow disturbance, adjust
the flow rate in the sample loop 87 to that desired. The
dissociation products now are separated by the separating
column 100 and detected by the reference side of the
pyrolyzate detector 76. Backflushing of the separating
column 100 may be performed as described. The opera-
tion of the third chromatograph of FIG. 2¢ is substan-
tially the same and need not be separately described.

If desired, the separating column 100 may be packed
with a packing capable of separating not only the small
molecule decomposition products, but also the large mole-
cules as well. In this single column operation either a
single non-specific detector can be employed, or multi-
ple detectors, one of which must be sensitive to the small
molecules such as thermal conductivity detector and the
second, which preferably should be a flame detector. The
multiple detectors can either be in the series or in paral-
lel. This permits the simultaneous use of small molecules
for identification of the functional groups of the parent
molecule, as well as the use of the larger molecules
for the determination of the carbon skeleton of the parent
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molecule in accordance with the Rice-Herzfeld theory.
In this event the effluent splitter 78 and third chromato-
graph 116 may be omitted.

An alternative embodiment to the system and method
just described is that illustrated in FIG. 3 in which the
splitter 78 and third chromatograph 116 are eliminated
and the effluent from the surge coil 96 (FIG. 2), after
passing through the six-port valve 81, and out the third
port 86, is passed on to an effluent splitter 15¢ similar
to effluent splitter 78. In this case, however, the split ratio
may be 10:1 with 10 parts going through a small mole-
cule separating column and the 1 part going through the
large separating column. The large molecule separating
column 154 may be packed as hereinbefore described.
The small molecule separating column 152 may be packed
with the “Polypak” material described hereinbefore. Sili-
con oil on a “Teflon” packing may be equally advanta-
geously employed for the small molecule columns.

Separate programming ovens may be used for columns
152 and 154 respectively. The output of the small mole-
cule column 152 is connected through a suitable non-
destructive detector such as thermal conductivity (TC)
detector 156, whereas the output from the large molecule
separating column 154 is preferably connected through
a flame ionization detector 158. The output of each de-
tector 156 and 158 is passed to vent. The electrical out-
put of the TC detector 156 is coupled to a suitable indi-
cator and timer 104 (FIG. 2). The flame ionization de-
tector electrical output may also be connected to an indi-
cator such as a chart recorder. In this manner, the separa-
tion and analysis of the small as well as the large mole-
cules contained in decomposition products, is obtained
simultaneously.

Still another alternative embodiment of the invention
for obtaining a simultaneous analysis of both the small
and large molecules pyrolysis products is illustrated in
FIG. 4. In this embodiment, the pyrolyzate is passed
from the surge coil 96 (FIG. 2) through the third valve
port 86 (FIG. 2) to a second six-port, two position valve
180 (FIG. 4) which may be substantially identical in
construction to the switching valve 81. The second port
174 of the valve 170 is coupled through a suitable con-
duit to the small molecule separating column 152 and
thence to the fifth-port 189, out the sixth port 182 to a
TC detector 156 and thence to vent. The second position
of the valve 170 is denoted by the dotted lines. Gas from
the source 10 passes through the fourth port 178, out the
third port and through the large molecule separating
column 154 and detector 158 to vent,

The pyrolyzate from the sample loop 87 enters the
small molecuule separating column 152, is separated into
its respective components and detected by the detector
156. When the several small molecule products have been
detected, and before the large molecules are given an
opportunity to pass through the small molecule column
152, the switching valve 170 is switched to its second
position. In this position, flow is from the carrier gas
source 19 into the fourth port 178, out the fifth port 180,
and back through the small molecule column 152 in a
reverse direction so as to backflush the column. This
compresses the remaining large molecules into a compact
slug and carries them into the second port 174, out of
the third port 176 and through the large molecule column
154 which separates the large molecules of the pyrolyzate.
These separated large molecules are detected by the de-
tector 158 in the same manner as described.

It will be obvious that various modifications may be
made in the apparatus and in the manner of operating it.
It is intended to cover such modifications and changes as
would occur to those skilled in the art, as far as the
following claims permit and as far as consistent with the
state of the prior art.

What is claimed is:

1. A method for analyzing an unknown organic ma-
terial compound while having on hand for reference a
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multitude of separate control cracking patterns obtained
by individually pyrolyzing a variety of chemicals under
controlled conditions and in each instance passing the
pyrolysis products produced from a given chemical to a
chromatographic column and obtaining control cracking
patterns thereby for said given chemical, said method
comprising the steps of:
passing a sample of the unknown to be analyzed to a
pyrolyzing chamber,
pyrolyzing the sample under substantially the same
conditions as were used in obtaining said control
cracking patterns to obtain pyrolysis products,

passing the pyrolysis products through a splitter for .

dividing the pyrolysis products in to two portions
by volume, simultaneously separating the most vola-
tile, low molecular weight pyrolysis. products con-
tained in ome of said portions and the less volatile,
high molecular weight pyrolysis products contained
in the other of said portions in first and second chro-
matographic columns respectively,- and obtaining
thereby first and second partial cracking patterns
for said sample, and

comparing said partial cracking patterns to said control

cracking patterns for identification purposes, thereby
determining the kind of said sample.

2. A method according to claim 1 which includes the
additional step of detecting the effluents  of said first
and second chromatographic columns, thereby to obtain
said partial cracking patterns. .

3. A method according to claim 1 wherein before the
first passing step there are included the additional steps
of:

passing said sample through a chromatographic sep-

arating column, thereby successively eluting com-
ponents of said sample, and

selecting predetermined ones of said eluted components

to be passed through said pyrolyzing chamber.

4. Apparatus for analyzing an unknown organic mate-

rial compound while having on hand for reference
a multitude of separate control cracking patterns ob-
tained by individually pyrolyzing a variety of chemicals
under controlled conditions and in each instance passing
the pyrolysis products produced from a given chemical to
a chromatographic column and obtaining a control crack-
ing pattern thereby for said given chemical, said ap-
paratus comprising:

a pyrolysis chamber,

means for passing a sample of the unknown to be
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analyzed through said pyrolysis chamber, under said
controlled conditions, thereby to obtain pyrolysis
products of said sample,
splitting means having an input connected to the output
of said pyrolysis chamber and first and second out-
puts for dividing the pyrolysis products into two
portions by volume,
first and second chromatographic separating columns
connected to simultaneously receive the pyrolysis
products from said first and second outputs of said
splitting means, respectively;
said first chromatographic column being capable of
separating the most volatile, low molecular weight
pyrolysis products of said sample to provide a first
partial cracking pattern;
~said second chromatographic column being capable of
separating the less volatile, high molecular weight
pyrolysis products of said sample to provide a sec-
ond partial cracking pattern;
wherein said first and second partial cracking patterns
for said pyrolysis products can be related to said
control patterns for determining the kind of sample.
5. The apparatus according to claim 4 which also
includes detector means coupled to the output of each of
said first and second chromatograph columns for provid-
ing said cracking patterns,
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